Reading from a video display terminal (VDT) was tested at screen refresh rates of 500 Hz and 60 Hz. Reading was initially 8 words/min (3.05%) faster at 500 Hz. A hypothesis that reading rate on VDTs is limited by stimulus availability accounts for the difference. When the eye reaches a new fixation position, it 'parks' until a sample of text appears at the fovea. Then processing resumes in the normal way. This idea, combined with the 500-Hz reading data, can predict reading rate at any refresh rate, and is quantitatively confirmed by the reading rate at 60 Hz. The difference in reading rates disappeared for the second half of the text, as a result of differences between frequencies of eye movements in the two refresh conditions. From the first half to the second, subjects at 60 Hz made more large forward saccades and fewer small reverse saccades. Both changes make sampling of the text more sparse, compensating for the dead time between samples. Subjects were unaware of refresh conditions, differences in their reading rates, and types of eye movements they generated. Reading from a continuously illuminated active-matrix display is slightly faster than from a comparable VDT.
INTRODUCTION
Even though video display terminals (VDTs) are refreshed at rates above the flicker fusion rate, so that the displays appear continuous, reading from VDTs is about 30% slower than from hard copy (Muter et al., 1982) . Also, proofreading is 20-30% slower when performed on VDTs (Gould and Grischkowsky, 1984) . Extended use of VDTs has been associated with discomforts ranging from eye strain and headaches to musculoskeletal discomfort (Rossignol et al., 1987) . In addition, some VDT operators may be susceptible to such visual symptoms as accommodative error (Schleifer et al., 1990; Jaschinski-Kruza, 1991) and horizontal heterophoria (Dain et al., 1988) . Kennedy and Murray (1991) , using a lexical decision task, found that flicker resulted in saccadic irregularities. Problems with comfort and performance have been blamed on a myriad of physical characteristics of VDTs such as image quality, resolution, display stability, color, display polarity, luminance, and contrast (Marriott and Stuchly, 1986; Nishiyama, 1990) . While these properties may contribute to visual discomfort and slower reading speed, one aspect of current monitor technology has not been addressed as a potential problem for users of VDTs. This is the refresh rate of the display.
Standard refresh rates of 60-75 Hz generally have been assumed to have no effect on vision, since the rates are well above flicker-fusion thresholds where the display appears to be continuous. Yet refresh rates between 30 and 260 Hz interfere with space constancy across saccadic eye movements (the perception that the world remains in the same place following a saccade). At lower refresh rates the visual system misjudges the extent of target displacements that take place during saccades, in the direction of a breakdown in space constancy (Macknik et al., 1991) . A target tends to be seen as jumping in the direction opposite the saccade. Some of the observed deficits in reading rates may be due to the continual small adjustments in space constancy that are necessary for uninterrupted perception.
Wilkins (1993) has also described this mechanism.
Kennedy and Murray (1993) found deficits in eye-movement control that became more severe at a 100-Hz refresh rate than at a 50-Hz rate; while the dependency on refresh rate seems anomalous compared to the other studies reviewed here, the studies are not strictly comparable because Kennedy and Murray measured eye movements rather than reading speed.
An additional factor that might interfere with VDT reading is based on a simpler hypothesis. Following a period of saccadic suppression (Bridgeman and Stark, 1979; Bridgeman and Fisher, 1990) in which sensitivity to visual stimuli is greatly reduced, the visual system is ready for a new sample of textual information at the start of each fixational pause. It is known that very little semantic information is available from material not yet fixated, so that the visual system must begin processing nearly from scratch for each successive fixation position (McConkie et al., 1982) . Text in advance of the fixation point informs the reader about word length and shape, guiding, the next fixational saccade, but provides little semantic information. Rayner and Pollatsek (1989, p. 140 ) conclude that 'While readers can identify words that they do not fixate, the more usual circumstance is that no word beyond the fixated word is fully identified'.
Even if they pick up partial information about letters not yet fixated, readers nearly always fixate each word in a text (except for very short words). In a scanned field, however, the reader must wait until a usable image appears on the screen before reading can continue. At lower refresh rates there is more time on average when there is nothing on the screen for the eye to fixate after a saccade (see Fig. 1 ). These longer dead times might account for some of the time lost in reading at lower refresh rates.
Though the flying spot of a raster scan spends most of its time illuminating pixels (except for the short durations of the horizontal refresh pulses and the vertical refresh pulse), any single pixel is illuminated only once in each scan, usually for a few microseconds.
The exact value depends on refresh rate and the size of the screen in pixels. A small word will be refreshed during a few horizontal sweeps of the raster,
